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The results of trend-surface analyses and af principal  component 
analyses  of t h e  p h y s i c a l  and chemical variables measured in a pilot 
survey of Morecambe Bay have been descxibed in earlier papers 
(Jeffers 1969a, 1969b). Similar analyses of t h e  numbers of six 
species of invertebrates and t h e  corre la t ions  between pr incipal  
components of the numbers of invertebrates a n d  of $he p h y s i c a l  and 
c h e m i c a l  vaxiables  have also been described (Jeffers 1970). T h i s  
paper summarises t h e  results of t regdcsurface and principal  component 
ana lyses  of t h e  physical and  chemical variables  determined in t h e  
m a i n  s u r v e y  of t h e  sands and muds of t h e  Morecambe Bay. This survey 
was carried out a year later than t h e  p i l o t  s u r v e y  and w a s  more 
extensive in both the numbers of samples taken,  and in the 
distribution of t h e  samples. The results, therefore,  might  be 
expected to be more s t a b l e  and more readi ly  interpreted, although 
differences be$ween the  results of t h e  two surveys might also be due 
to real differences in t h e  physical  and chemical properties in t h e  
t w o  years .  
The methods of ana lys i s  used in t h e  interpretation of the p h y s i c a l  
and chemical variables f x o m  t h e  main survey were exactly t h e  same 
as those  used fox the p i l o t  survey, and will not be described in 
detai l  in t h i s  paper. 
2. VARIABLES ASSESSED 
The main survey w a s  undertaken during t h e  months of August and 
September 1968, the samples being taken in conjunction w i t h  a survey 
of invertebrates as paxt of the  feasibility study for the Morecambe 
Bay Barrage. Ten l O c m  cores were taken at each sampling po in t ,  the 
sampled material  being bulked immediately, and one quarter of t h e  
bulked sample being retained for chemical and physical  analysis. 
E i g h t  vaxiables  were assessed on each of 274 samples,  t h e  variables 
being as fo l l ows  :- 
Percent gge 
Percent qge 
Pexcent age 
Pexcent age 
Percentage 
Percentage 
Percent age 
Percent age 
of part ic les  > 250 m i c r o n s  
of particles 125-250 microns 
of part ic l e s  62.5-125 microns 
of part ic les  < 6 2 . 5  microns 
l o s s  an i g n i t i o n  at 5 5 0 ~ ~ .  
calcium 
phosphorus 
nitrogen 
The choice of these var iables  w a s  guided by the pxincipal component 
a n a l y s i s  of t h e  data from the pilot survey,  and t h e  consequent  
reduction in the  number of physical and chemical variables analysed, 
therefoxe ,  represents one immediate benefit from the earlier analyses .  
3. TREND- SURFACE ANALYSIS 
The proportions of t h e  vaxiability accounted far by the l i n e a r ,  
quadrat ic ,  and cubic  terms of t h e  regressions of t h e  chemical 
and physical variables on t h e  grid co-ordinates of the  sampling 
points are given in Table I. 
The cubic trend-surfaces were significant for three of the 
variables, the percentage loss on i g n i t i o n ,  the percentage of 
part ic les  between 125-250 m i c x o n s ,  and the  percentage of particles  
between 62.5-125 m i c r o n s .  All the other vaxiables  showed 
significant quadratic surf aces. Except f o r  t h e  percent age of 
part ic les  between 42.5-125 microns,  however, f o r  which  t h e  trend- 
surface accounted fo r  nearly  80 per cen t  of t h e  variability, t h e  
percentage of the t o t a l  variability accounted f o r  by t h e  txend- 
surfaces w e r e  l o w .  A t  b e s t ,  they accounted f o r  3 0  percent of 
the variability, at worst, only about 12 per c e n t .  
Table 1 Propoxt ions  af variability accounted for by the 
linear, quadrat ic ,  and cubic terms of t h e  
reqression on a r i d  co-ordinates  
Proportion of vaxiability Cumulative proportions 
Variable Linear Quadratic Cubic Quadratic Cubic 
T h e  c o e f f i c i e n t s  def in ing  t he  predictive e q u a t i o n s  are given in 
Tables 2 and 3 ,  f o x  quadxa t i c  and cubic sur faces ,  respect ive ly .  
Y 
Table 2 Coefficients def in ing  quadratic t rend-surf aces 
V a x i a b l e  
Cons t ant X 
Coefficient 
Y x2 
C o e f f ~ . c l e n t s  defininq cubic trend-curfaces 
- -.-- 
Variable 
6 
The t r~cd-surf ace5 determined by the coef f icienf s axe g1x7en in 
Flqures 1-8 .  These surfaces  show f a i r l y  marked d n f  ferences  in 
t h e  t recds  for t h e  s ~ t e r a l  variables, but those f u r  percentage 
nztroyen, s h e  pexcentage of particles between 125 a x d  250 microns, 
and percentage loss on rgnition are f a i r l y  s r r n i l z r  In general 
shape, 
'The basnc data, fo r  the 274 sampling polnts are  s u n m a r i s e d  I K i  
Tdb1  E 4 . 
b e  4 -- Summary of basic  data  
V a r  n a b l e  Mj. n im urn Mean Maximum S . . D ,  
The coefficients of the correla t ions  b e t w e e n  the o r i g r n a l  
.il.arlables are yi-uen ln Table 5 ,  
The percent age5 3f t h e  p a r t i c l e s  greater  t h a n  25s nicxons and 
between 12.5 ard 250 microns were signif i c a n t l 3 ;  p o s i t  ivel y 
correlatedm and n e g a t i v e l y  carxelated w:th the percenxages of 
par t ic les  between 62,s a n d  125 micxons and .less t h a n  62,5 microns, 
The pexcentages  of particles between 4 2 . 5  and 125 microns and 
below 4 2 , 5  rnlcrcns were a lso  s i g n x f  i c a ~ t l y  n e g a t i v e l y  correlated. 
The r'wr chemical v a x i x b l e s  were al; signlf  cant 1 y and 
8 posit  i v e l y  i ~ c e x c o x  elat-ed, 1,oss on i g n i t ;  on was pos i t  i v e l y  
corxej at ed w i t 1 1  the  pexcent ages of par t  z c l e s  between 62 ,s  and 
125 microns and S e l c l w  62,s micruns and n e g a t i v e l y  correlated 
with the p e z e ~ n t n g e  of particles between 1 2 5  a n d  250 mrcrans ,  
The p e r c ~ n t  age c alclum w a s  positive1 y corre lared  w i t h  the 
percentages sf p a r t i c l e s  greater than 250 mlcrons and less 
tban 4 2  5 rnrzrons, and negatively coxrelated w i t h  the percentage 
of p a r t a c l e s  betweec 125 and 250 microns. The phosphorus 
con t sn t  was n e g a t i v e l y  correlated w l t h  the p e r c e n t a g e s  of 
partncles above 125  mlcrons and positively correlated w i t h  t h e  
percentages of pa r t  lcles below 125 microns, The nitrogen 
content w a s  negat lve l  y correlated w i t h  the  percent age of 
part ic l e s  between 125 and 250 mlrrons and  p o s l t r v e l y  correlated 
with t h e  percen tage  of par t i c l e s  below 6 2 , 5  microcs, 
Table 6 ----- P r l n c i ~ a l  --.- Cornponent&alysis 
Component , - 
Percen tage  
variabilc t y  
Vari~ble Weighting given t n o r i g x n a l  v a x i a b l e s  
The prlncrpal component analysts of t h e  correlatran matrrx Is 
summarised I n  Table 6 .  The f i r s t  f o u r  compvnents together 
accounted for 88,4 per c e n t  cf the t a t a l  varicbillty measured 
by the eight u r x g i n a l  var iables ,  The f 1 r s  t component account ing 
for 39,0 per cent of the v a r ~ a b i l i t v  i s  s contrdst of the loss  
on ~gnirion, a n d  percentages  of phosph~rus ard nitrogen w i t h  
t h e  percentage ~f particles between 125 and 250  microns, and 
probably repxecents a measure cf t h e  yenexa; ' ' f e ~ t ~ l i t y ~  of the 
s a n e  and muds, The second component, accounting f o r  a f u r t h e r  
23,4 per c e n t ,  i s  an mdex of the percentage cf the  largest 
particles. i,o, g n e a t e x  t h a n  250 microns. and  t h e  calcium 
ccsntznt ,  2nd 1 5  L nebsure of the arnour;t of bruken s h e l l s ,  The 
t h i r d  rcmpunect.  15 7 ppr c e n t  . is a c o c t r  ds: of t h e  percentaqe 
of particles between 6 2 . 5  and 125 microns w i t h  the percentage 
of particles below 6 2 . 5  microns, and is a measure of the 
deposition of seaborne s i l t ,  The f o u r t h  component, 10.3 per 
cent, is a contrast of the pexcentage of part ic les  between 
125 and 250 microns and the phosphorus content with the 
percentage of particles below 62.5 microns, and may represent 
a measure of river-borne deposits. 
The trend-surfaces for t h e  faux components are plo t ted  in 
Figures 9-12. The trend-surf ace f o r  the f i r s t  component s h o w s  
strong a f f in i t i e s  to those of Flgures 2, 5 ,  and 8 ,  as might 
be expecteo. Similarly, the  surface f o x  the second component 
i s  clearly related to the plotted surfaces f o r  t h e  largest 
sized particles and t h e  calcium c o n t e n t .  The t h i r d  component 
shows a rather complex s u r f  ace, related to those of the 
individual variables, but obviously repxes e n t  i n g  an index of 
those variables. The extracted components, therefore,  appeax 
t~ be re lat ive ly  successful in summarising the complex i n t e x -  
relationships between t h e  chemical and phys ic  a1 variables and 
thesx general trends over the  area of t h e  Bay. 
The analysis of the main survey, based on a reduced number 
of variables from the original list of variables tested in 
the p i l o t  survey both confirms and augments the  r e s u l t s  from 
the  p i lot  survey. The se lect ion of the variables for the  
main survey was partly guided by the component analysis of 
the  p i l o t  survey, and the correlations between the variables 
axe broadly similar to those obtained f r o m  the p i l o t  survey. 
Beaxing in mind the very much larger  sample used in the 
main survey, and t h e  better  distxibution of the sample 
points, the trend-surfaces f o r  t h e  individual  variables are 
xeasonably cons i s t en t  between the  two suxveys ,  The propor t ions  
of thg total variability accounted fnr by t h e  trend-surfaces 
axe also f a i r l y  c o n s i s t e n t  between t h e  two surveys,  although 
the  achievement of 70 per c e n t  of t h e  v a r i a b i l i t y  of t h e  
percentage of phosphorus by t h e  cubic  regression of the m a i n  
survey, in contrast to o n l y  51 per cent f o r  the p i l o t  survey,  
i s  a f aixly s t r i k i n g  improvement. Generally speaking,  
however, the main survey provided more complex trend- 
suxfaces than the p i l o t  survey, and t h e  linear trends  given 
a by the more limited information available for  the pi lo t  
survey w e r e  xepl aced by more e a s i l y  interpretable surf aces. 
The component analysis of the  variables in the  m a i n  survey 
again suggests that a limited number of dimensions axe 
sufficient to account for t h e  major variability in the 
chemical and physical properties of t he  sands and m u d s  of 
the  Bay. In t h i s  case, four components were sufficient to 
account for 88 per cent of t h e  t o t a l  v a r i a b i l i t y ,  and the  
result ing components are read i ly  intexpretable in terms of 
ident j f iab le  types of v a r i a t i o n .  The trend-surfaces of t h e  
components also e f fect ive ly  summarise the main types of trends 
obtained for  the o r i g i n a l  variables,  Waving achieved t h i s  
degree of sumarispt ion,  it will be interesting to compare 
$he numbers of invertebrates counted in the  samples of the 
mgin survey w i t h  these components, as in t h e  examination of 
